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(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave 
(SAW) filter with which frequency characteristics are improved and the 
rate of frequency shift change caused by dispersion in electrode finger 
width is reduced by forming the ratio of elec trode finger width at a 
specified level corresponding to the electrode finger pitch of comb-line 
electrode at a SAW resonator. 

SOLUTION: This SAW filter is formed by stepwisely connecting plural 
SAW resonators to serial SF1 and SF2 and parallel PF1-PF3. The 
respective SAW resonators are formed on a piezoelectric substrate as 
electrode patterns so that the respective electrode fingers of a pair of 
comb-line electrodes can be alternately inserted. Then, the electrode 
fingers of comb-line electrodes are formed in a certain pattern so that 
width W corresponding to its pitch P can be the ratio of 60% at least 
Thus, the difference between a resonance frequency and an anti- 
resonance frequency can be relatively reduced. 
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(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave (SAW) filter 
with which frequency characteristics are improved and the rate of frequency shift 
change caused by dispersion in electrode finger width is reduced by forming the 
ratio of elec trode finger width at a specified level corresponding to the electrode 
finger pitch of comb-line electrode at a SAW resonator. 
SOLUTION: This SAW filter is formed by stepwisely connecting plural SAW 
resonators to serial SF1 and SF2 and parallel PF1-PF3. The respective SAW 
resonators are formed on a piezoelectric substrate as electrode patterns so that 



the respective electrode fingers of a pair of comb-line electrodes can be 
alternately inserted. Then, the electrode fingers of comb-line electrodes are 
formed in a certain pattern so that width W corresponding to its pitch P can be 
the ratio of 60% at least. Thus, the difference between a resonance frequency 
and an anti-resonance frequency can be relatively reduced. 



LEGAL STATUS 

[Date of request for examination] 20.08.2001 

[Date of sending the examiner's 
decision of rejection] 

[Kind of final disposal of application 
other than the examiner's decision of 
rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3442202 

[Date of registration] 20.06.2003 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the surface acoustic filter which connects two or more surface- 
acoustic-waves resonators to a serial parallel in the shape of a ladder, and 
changes One pair of Kushigata electrodes for excitation with which an electrode 
pattern is formed and each of two or more of said surface-acoustic-waves 
resonators changes so that each electrode finger may put by turns and may be 
pinched on a piezo electric crystal substrate, The surface acoustic filter 
characterized by having the reflector which forms an electrode pattern in the both 
sides of the Kushigata electrode of this 1 pair, respectively, and grows into them, 
and carrying out pattern formation of the width efface (W) of the electrode finger 
to the pitch (P) of the electrode finger of said Kushigata electrode by at least 60% 
of ratio. 

[Claim 2] The surface acoustic filter according to claim 1 characterized by 
carrying out pattern fomriation of the width of face (W) of the electrode finger to 
the pitch (P) of the electrode finger of said Kushigata electrode by 60% - 80% of 
ratio. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the resonator (SAW resonator) 
using the component using surface acoustic waves (SAWiSurface Acoustic 
Wave), and relate to the technique of improving the frequency characteristics of 
the filter (ladder form SAW filter) which connects with a serial parallel in the 
shape of a ladder, and grows into it combining this SAW resonator, especially. 
[ two or more ] 
[0002] 

[Description of the Prior Art] The example of 1 configuration of a typical SAW 
resonator is shown in drawing 9 . Among drawing, (a) is what showed the 
structure of a SAW resonator typically, and (b) shows it with a symbol notation. In 
drawing 9 (a), the SAW resonator by which 10 was formed in the piezo electric 
crystal substrate, and 20 was formed on the piezo electric crystal substrate 10 is 
shown. The piezo electric crystal substrate 10 is formed with piezo-electric 
ceramics, such as single crystals, such as lithium niobate (LiNb03) and lithium 
tantalate (LiTaOS), or titanic-acid lead zirconate (PZT). moreover, the SAW 
resonator 20 equips with and constitutes one pair of Kushigata electrodes 21 and 
22 for excitation (IDTilnter-Digital Transducer), and the reflectors 23 and 24 
arranged in these both sides of IDT - having - every - IDT 21 and 22 and each 
reflectors 23 and 24 are formed by growing up aluminum (aluminum) by 
sputtering and carrying out patterning. Under the present circumstances, IDT22 
by the side of IDT21 and the output (OUT) by the side of an input (IN) is each 



electrode finger F1 . And F2 Pattern formation is carried out so that it may put by 
turns and may be inserted. In addition, PIDT expresses spacing between each 
****** electrode finger of IDT 21 and 22 (pitch), and is PREP. ****** inter- 
electrode spacing (pitch) of each reflectors 23 and 24 is expressed. 
[0003] In a SAW resonator with such structure, by reflecting the surface acoustic 
waves (SAW) generated with the electrode for excitation (IDT 21 and 22) with the 
reflectors 23 and 24 arranged in the both sides, a standing wave is produced and 
it functions as exciting vibration which had high Q by it. In this case, the 
frequency excited is a pitch PIDT. And PREP It is determined depending on 
magnitude. 

[0004] Two or more ladder form SAW filters as shown in drawing 1 (a) are 
constituted by connecting with a serial parallel in the shape of a ladder, 
combining such a SAW resonator suitably. The filter shape is determined by 
composition of the frequency characteristics by the resonance point which the 
SAW resonator connected to the serial has, and frequency characteristics with 
the resonance point and the antiresonance point which the SAW resonator 
connected to juxtaposition has in this ladder form SAW filter. 
[0005] With the technique known conventionally, as shown in drawing 10 , 
pattern formation of the width of face (WO) of the electrode finger of the 
Kushigata electrode which constitutes the SAW resonator used for a ladder form 
SAW filter is carried out by 50% (=W0 / P) of ratio to the pitch (P) of an electrode 
finger, and it was being fixed to lambda/4. In addition, lambda is the resonance 
(or antiresonance) frequency fO. The wavelength of surface acoustic waves is 
shown and it is expressed by lambda=V/f 0 (however, V propagation velocity of 
surface acoustic waves). 
[0006] 

[Problem(s) to be Solved by the Invention] Generally, in order to raise the 
frequency passage property of an SAW filter, it is necessary to enlarge the signal 
magnitude of attenuation out of band. In other words, it is required that the 
characteristic curve should have started steeply in a passband and the boundary 



section out of band, or the frequency passage property of an SAW filter should 
have fallen from the purpose of use (that Is, use as a band-pass filter), 
[0007] However, at the SAW filter known conventionally, there was nothing that 
can respond to satisfaction in this demand. Moreover, in case an SAW filter is 
manufactured, it originates in dispersion in the process, and the width efface of 
the electrode finger of the Kushigata electrode which constitutes the SAW 
resonator also varies (that is, it becomes uneven). Consequently, the 
propagation velocity (V) of the surface acoustic waves seen in macro changes, 
and resonance frequency (fO) shifts. This serves as evil, when carrying out stable 
production of the product, and it becomes the factor which reduces the yield. 
[0008] This invention aims at offering the surface-acoustic-waves (SAW) filter 
which can make small the frequency shift rate of change to dispersion in the 
electrode digit resulting from a manufacture process, as a result can be 
contributed to improvement in the yield while it was created in view of the 
technical problem in the conventional technique mentioned above and improves 
frequency characteristics. 
[0009] 

[Means for Solving the Problem] In the SAW filter which according to this 
invention connects two or more SAW resonators to a serial parallel in the shape 
of a ladder, and changes in order to solve the technical problem of the 
conventional technique mentioned above One pair of Kushigata electrodes for 
excitation with which an electrode pattern is formed and each of two or more of 
said SAW resonators changes so that each electrode finger may put by turns and 
may be pinched on a piezo electric crystal substrate. It has the reflector which 
forms an electrode pattern in the both sides of the Kushigata electrode of this 1 
pair, respectively, and grows into them, and the SAW filter characterized by 
carrying out pattern formation of the width of face of the electrode finger to the 
pitch of the electrode finger of said Kushigata electrode by at least 60% of ratio is 
offered. 

[0010] if the ratio of the electrode digit to the pitch of the electrode finger of the 



Kushigata electrode is further enlarged from 50 conventional% (the suitable 
operation gestalt of this invention - at least 60%), the electromechanical coupling 
coefficient of the Kushigata electrode will become still smaller. Therefore, the 
difference (referred to as deltaf) of the resonance frequency and antiresonant 
frequency of an SAW filter becomes small. By this, the standup and falling of a 
characteristic curve can be made steep in a passband and the boundary section 
out of band. That is, the frequency passage property of an SAW filter can be 
raised. 

[0011] Moreover, if the ratio of an electrode digit is changed, the propagation 
velocity of the surface acoustic waves seen in macro will change. This acts in the 
direction which makes resonance frequency and antiresonant frequency low ^ 
(frequency shift). As an electromechanical coupling coefficient also changes and 
was mentioned above on the other hand, resonance frequency and antiresonapt 
frequency are shifted. The frequency shift rate of change to the variation of an 
electrode digit becomes small, so that the ratio of an electrode digit will be 
enlarged, if both frequency shift amount of these is compounded. 
[0012] Therefore, by enlarging the ratio of an electrode digit, the frequency drift 
by the fluctuation factor of an electrode digit can be stopped, and stable 
production of the product can be carried out. This contributes to improvement in 
the yield. Furthermore, if the ratio of an electrode digit is changed, while the 
propagation velocity of surface acoustic waves and the electrostatic capacity of 
the Kushigata electrode will change, a difference appears in the variation of 
resonance frequency and antiresonant frequency. Therefore, it becomes possible 
to adjust delicately factors, such as pass band width which influences the 
property of an SAW filter, impedance matching, and center frequency, by using 
these change well. 
[0013] 

[Embodiment of the Invention] The configuration of the SAW filter concerning 1 
operation gestalt of this invention is shown in drawing 1 . Among drawing, (a) 
shows the circuitry of an SAW filter and (b) shows some patterns of the 



Kushigata electrode which constitutes the SAW resonator used in the circuit of 
(a). As shown in drawing 1 (a), the SAW filter concerning this operation gestalt 
has the gestalt of the ladder form SAW filter of the four-step configuration which 
changes combining two SAW resonators SF1 and SF2 connected to the serial to 
I/O (IN/OUT) as a fundamental configuration, and three SAW resonator PF1 
connected to juxtaposition to I/O (IN/OUT) - PF3 the shape of a ladder. 
Furthermore, inductors L1, L2, L3, L4, and L5 are connected to these SAW 
resonators SF1 and SF2, PF1, PF2 and PF3, and a serial, respectively. 
[0014] in addition - although illustration is not carried out - every - one pair of 
Kushigata electrodes for excitation which form an electrode pattern and change 
so that each electrode finger may put by turns and may be pinched on a piezo 
electric crystal substrate as the SAW resonator was shown in drawing 9 (a) - this 

it has the reflector which forms an electrode pattern in the both sides of one 
pair of Kushigata electrodes, respectively, and grows into them. In drawing 1 (b), 
P expresses the pitch (spacing between one pair of ****** electrode fingers of the 
Kushigata electrode) of the electrode finger of the Kushigata electrode, and W 
expresses the width of face of an electrode finger. 

[0015] In this operation gestalt, pattern formation of the width of face (W) of the 
electrode finger of the Kushigata electrode of a SAW resonator is carried out to 
the pitch (P) of an electrode finger by the larger ratio (W/P> 50%) than 50% 
(conventional form). About selection of the ratio (W/P) of this electrode digit, it 
can respond easily by changing suitably the exposure time at the time of 
electrode pattern formation, for example. 

[0016] As for the ratio (W/P) of this electrode digit, in the suitable example of this 
invention, it is desirable to select to 60% - 80% so that it may mention later. 
[0017] 

[Example] this invention person investigated change of many properties at the 
time of changing the electrode digit of the Kushigata electrode about the SAW 
resonator used by the ladder form SAW filter of the four-step configuration 
concerning the operation gestalt shown in drawing 1 (a) and (b). As a sample 



offering filter, the SAW filter whose center frequency is about 950MHz was used. 
In addition, in the configuration of drawing 1 (a), the inductance of each inductors 
L1-L5 was set as 1 .5mH(s). 

[0018] The frequency passage property of the SAW filter to change of an 
electrode digit is shown in drawing 2 , and the reflection property of the SAW 
filter to change of an electrode digit is shown in drawing 3 . The following data 
were acquired from these property graphs. Change of the difference (deltaf) of 
the resonance frequency to change of the ratio (W/P) of an electrode digit and 
antiresonant frequency is shown in drawing 4 . 

[0019] The value of deltaf is small, so that drawing 4 may show and the ratio of 
an electrode digit increases. The variation of deltaf expresses extent with the 
standup of the curve in a passband and the boundary section out of band, and a 
steep change of falling in the frequency passage property shown at drawing 2 , 
and it becomes steep [ change of a standup and falling ] here, so that the value 
of deltaf is small here. 

[0020] Change of a frequency shift of the resonance point and the antiresonance 
point over change of the ratio (W/P) of an electrode digit is shown in drawing 5 . 
Moreover, change of the pass band width to change of the ratio (W/P) of an 
electrode digit is shown in drawing 6 . The rate of change of a frequency shift is 
small, so that drawing 5 may show and the ratio (W/P) of an electrode digit 
increases. Moreover, it turns out that the rate of change of the resonance point is 
smaller than the rate of change of an antiresonance point. Therefore, pass band 
width also becomes small (refer to drawing 6 ). 

[0021] When the ratio (W/P) of an electrode digit is 60% or less so that drawing 6 
may show, pass band width becomes large too much, and since it is not 
desirable, considering as at least 60% is desirable [ the ratio (W/P) of an 
electrode digit ]. However, if an electrode digit (W) is enlarged recklessly, since it 
will also become making the power-proof nature of an SAW filter deteriorate, as a 
result shortening the life of an SAW filter, limiting to a suitable ratio is desirable. 
[0022] Change of the life of the SAW filter to change of an electrode digit (W) is 



shown in drawing 7 . In the example of Illustration, the opposite numeral shows 
change of the life (T) over an electrode digit (W). In this test atmosphere (by the 
input of 1 W, chip temperature is 85-degreeC), since there will be no use top 
problem of a product if there is a life for 8 hours or more, if the ratio (W/P) of an 
electrode digit is 80% or less, it will be satisfactory. 

[0023] Moreover, change of the yield to change of the ratio (W/P) of an electrode 
digit is shown in drawing 8 . However, the relation of illustration was computed 
based on the frequency shift amount (refer to drawing 5 ) to the data of 
dispersion in an electrode digit (standard deviation), and the rate of change of an 
electrode digit. Since the ratio (W/P) of an electrode digit becomes [ frequency 
shift rate of change ] small to 75% (refer to drawing 5 ), the yield improves, but 
(refer to drawing 8 ) more than by it, since dispersion in an electrode digit 
becomes large, the yield tends to fall. 

[0024] In addition, if the ratio (W/P) of the electrode digit W to a pitch P (it could 
be P= 2.5 micrometers in this example) is made 80% or more, since the width of 
face (P-W) of the insulating section is set to 0,5 micrometers or less, it is difficult 
[ it ] to form the electrode pattern of a SAW resonator on a piezo electric crystal 
substrate in the technical present condition. That is, manufacture of an SAW filter 
becomes difficult. Therefore, as for the ratio (W/P) of an electrode digit, 
considering as 80% or less is desirable. 

[0025] As for the ratio (W/P) of the width of face to the pitch of the electrode 
finger of the above thing to the Kushigata electrode, it is desirable to consider as 
60% - 80% of range. Since according to the configuration of the SAW filter 
concerning this example the former is larger than 50% (60% - 80%) and the ratio 
(W/P) of an electrode digit is carried out as explained above, the difference 
(deltaf) of resonance frequency and antiresonant frequency can be relatively 
made small, and the standup of the curve in a passband and the boundary 
section out of band and change of falling can be made steep by this so that 
drawing 4 may show. This contributes to an improvement of frequency 
characteristics. 



[0026] Moreover, since the rate of change of a frequency shift can be controlled 
by enlarging the ratio (W/P) of an electrode digit so that drawing 5 may show, it 
becomes possible to carry out stable production of the product. This contributes 
to improvement in the yield, furthermore, factors which determine the property of 
an SAW filter by changing the ratio (W/P) of an electrode digit suitably in the 
desirable range (60% - 80%), such as pass band width and center frequency, - 
texture - it becomes possible to adjust densely. 
[0027] 

[Effect of the Invention] As explained above, the frequency shift rate of change to 
dispersion in the electrode digit which originates in a manufacture process while 
frequency characteristics are improvable by making into the conventional specific 
larger ratio than 50% the ratio of the electrode digit to the pitch of the electrode 
finger of the Kushigata electrode which constitutes the SAW resonator in an 
SAW filter according to this invention can be made small, and it becomes 
possible to aim at improvement in the yield. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the SAW filter concerning 1 
operation gestalt of this invention, and they are some pattern Figs, of the 
Kushigata electrode with which (a) constitutes the circuitry Fig. of an SAW filter 
and (b) constitutes the SAW resonator. 

[Drawing 2] It is drawing showing the frequency passage property of the SAW 
filter to change of the ratio of an electrode digit. 

[Drawing 3] It is drawing showing the reflection property of the SAW filter to 
change of the ratio of an electrode digit. 

[Drawing 4] It is drawing showing change of the difference of the resonance 
frequency to change of the ratio of an electrode digit, and antiresonant frequency. 
[Drawing 5] It is drawing showing change of a frequency shift of the resonance 
point and the antiresonance point over change of the ratio of an electrode digit. 
[Drawing 6] It is drawing showing change of the pass band width to change of the 
ratio of an electrode digit. 

[Drawing 7] It is drawing showing change of the life of the SAW filter to change of 
an electrode digit. 

[Drawing 8] It is drawing showing change of the yield to change of the ratio of an 
electrode digit. 

[Drawing 9] It is drawing showing the example of 1 configuration of a typical SAW 
resonator, and the perspective view in which (a) showed the configuration of a 
SAW resonator typically, and (b) are drawings having shown it with a symbol 
notation. 

[Drawing 10] They are some pattern Figs, of the Kushigata electrode which 
constitutes the formal SAW resonator conventionally. 
[Description of Notations] 

PF1 - PF3 SAW resonator linked to juxtaposition 
SF1 , SF2 - SAW resonator linked to a serial 
L1-L5 - Inductor 



P - Pitch of the electrode finger of the Kushigata electrode 
W -- Width of face of an electrode finger 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 




[Drawing 4] 
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[Drawing 7] 
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[Drawing 10] 
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